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Unruh Effect in non local field theories
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We study Unruh effect for a wide class of non local theories. Using the approach of Bogoliubov
coefficents we show that Unruh effect remains entirely unmodified in these theories. However, for
those non local theories which incorporate a minimal length, the approach using Unruh-DeWitt
detectors predicts a modification in Unruh effect. Previous work shows that this modification may
even be drastic. This appears contradictory, with two apparently equivalent methods giving different
results. We investigate the origin of the contradiction and show that for these theories, the two
methods are indeed inequivalent. We argue that the detector method incorporates an assumption
of local interaction that does not hold for non local theories and therefore the method of Bogoliubov
coefficents is preferable.
PACS numbers: 04.62.+v, 04.70.Dy, 11.10.Lm
Introduction. Interest in non local theories dates back
to the early days of quantum field theory (See [1] for an
early review). Recently there has been a resurgence of in-
terest in these theories particularly in the context of non
local gravity theories [2–9] and cosmological models[10–
14]. For a review of these theories we refer the reader to
[15]. In this paper we investigate Unruh effect in a class
of non local scalar field theories.
Previously, a particular non local theory had been con-
sidered by Nicolini and Rinaldi in [16] considered a par-
ticular minimal length model which incorporated a min-
imal length. The particular model Nicolini and Rinaldi
considered was defined by the propagator:
Gl(p
2) =
e−l
2p2
p2
(1)
For this propagator Nicolini and Rinaldi had calculated
the response rate of an accelerating Unruh-DeWitt de-
tector [17, 18]and showed a drastic decrease in the rate,
even for very small l
In general, it is quite evident that for (1) and similar
propagators, Unruh effect as computed by the approach
of a Unruh-DeWitt detector must give a result that is a
function of the minimal length. The response rate of an
Unruh-DeWitt detector is calculated from the two point
function of the field, and if the two point function de-
pends on l so will the response rate. It is clear that the
result obtained by this approach must differ from the re-
sult for the usual Klein Gordon field.
A different approach to deriving the Unruh effect in-
volves calculating the Boguliubov coefficients between
the Minkowski and Rindler space solutions [17]. To see
how this method can be applied to the theory given by
(1) we note that it corresponds to the infinite order dif-
ferential equation[19]:

(
e−l
2
φ
)
= 0 (2)
The set of solutions for equations like (2) can be de-
duced for both Minkowski and Rindler spacetimes. This
enables us to calculate the required Boguliubov cooeffi-
cients. As we will see, the Boguliubov coefficients are
exactly the same as in the case of a massless Klein Gor-
don field. This approach then predicts no modification
of the usual Unruh effect for non local field theories.
We will prove this result for a wider class of non lo-
cal field theories, which may or may not incorporate a
single characteristic length scale. But for those which
do, clearly the results of this approach cannot match the
ones coming from the Unruh-DeWitt detector calcula-
tion. This seems to be a paradoxical result, with two
different methods of deriving Unruh effect giving entirely
different predictions. While the two approaches are not
expected to match for co-ordinates where positive norm
solutions differ from positive frequency solutions [20, 21],
such is not the case here. We will argue that the origin
of this discrepancy likely lies in modelling the detector
by a local observable in a non local theory.
In the next section, we introduce a class of non lo-
cal massless scalar field theories and prove that the Un-
ruh Effect remains unchanged in these theories. In the
third section we address the tension between the two ap-
proaches of deriving Unruh effect and offer a possible
resolution to the paradox.
Non local field theories and Unruh effect We intro-
duce the class of non local theories which we will con-
sider. These will be given by the following homogeneous,
infinite order differential equation:
(F ()φ) = 0 (3)
where the assumption of F will be that it is an analytic
function that is everywhere non zero.
The propagator of such a theory is given by:
G(p2) =
F (−p2)−1
p2
(4)
Clearly the theory governed by (2) falls in this class,
as does any theory of the form 
(
e−l
2

2n
)
φ = 0
2Now we would like to find the solutions for any such
theory. In this we are helped by the following result[11]:
the number of independent solutions of an infinite order
differential equation is equal to the number of poles in
its propagator, just as in usual field theories. Particu-
larly, for a propagator of the form (4), the number of
independent solutions will be two.
Now note that a solution to φ = 0 would also be a
solution to (3). But we saw above that (3) has only two
solutions. it follows that the complete set of solutions to
(3) are just the solutions of φ = 0. We call this fact
result I.
The result above can be generalized to different
metrics[11]. That is, if we write the counterpart of (4)
for a spacetime with metric components gµν
g(F (g)φ) = 0 (5)
where g = g
µν
∇µ∇ν , the covariant D’Alembartian.
Just as in the case of Minkowski metric, the complete
set of solutions to this equation will be given by the so-
lutions to gφ = 0. In particular, this will be the case in
Rindler space.
With these results, the proof of robustness of Unruh
effect in the Boguliubov coefficient method is obvious. As
the full set of solutions of theories given by (3) matches
the solutions of massless Klein Gordon equation in both
Minkowski and Rindler spaces, it follows that the Bo-
goliubov coefficients also match. Consequently there is
no modification to Unruh effect for these theories.
A contradiction? Clearly, there is a tension between
the results obtained through the two different approaches
which seems contradictory at first sight. The response
rate of an Unruh-DeWitt detector must show a modifi-
cation while we have proved above that the Bogoliubov
coefficients remain unchanged.
Mathematically, the origin of this tension is easy to see.
The equivalence of the two approaches depends on the
following relation between the two point function G(x)
and the set of solutions ui(x):
G(x − x′) =
∑
i
ui(x)u
∗
i (x
′) (6)
This result does not hold for infinite order differential
equations. Generally, given a propagator for a finite or-
der differential equation (let’s take 1/p2 as a concrete
example) multiplying to it an analytic function F (−p2)
which is nowhere zero gives us the propagator for an infi-
nite order differential equation of the form (3). However
such a multiplication has no effect on the set of solutions
of the original equation; the new equation (3) will have
the exact same set of solutions. Thus it is only the left
hand side of 6 that gets modified.
While this shows us why the two approaches cannot
agree, it raises the further question: is one to be preferred
over the other? We would like to argue that in this case,
the method of Unruh-DeWitt detector is not physically
meaningful. This is because in the other method, the de-
tector is modelled as a point-like system which only inter-
acts with the field at the point where it is located. How-
ever a non local field as we have considered here would
always interact non-locally with any detector. In other
words, a point-like detector would in general be affected
by the field value at points away from it’s location. Con-
sequently, modelling the detector as a local observable is
inappropriate for a non local theory.
In other words, the mistake lies in describing the
detector-field interaction by the Green function of the
free theory. Interactions have to be taken into account.
As shown in [15], the theory can then be reformulated
in terms of the standard field propagator and non lo-
cal interaction vertices. Taking these into account, one
can calculate Unruh effect in non local theories correctly
by considering detectors of finite size much larger than
l. The interaction vertices would be smeared over this
length scale. The coarse-grained theory would appear as
local and therefore such a computation should agree with
the results obtained from the Boguliubov coefficients.
To conclude, we have shown that Unruh effect remains
unmodified for a wide class of non local theories. This
result seemed to contradict the expectation for those non
local theories which incorporate dimensionful parameters
(such as a minimal length). We pinpointed the origin of
this contradiction and pointed out that modelling detec-
tors as local observables is not physically meaningful in
non local theories.
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